ABSTRACT -This study was carried out to evaluate the effect of a blend of additives (choline, methionine, selenium, and organic zinc) on performance, feed efficiency, rumen parameters, and carcass traits of Nellore heifers finished with roughage-free diet. Nellore heifers (n = 36; average BW = 244±24.1 kg; average 24 months of age) were maintained in a feedlot system for 86 d. Heifers were separated into two groups: control and additive. Heifers in control group were fed a based diet composed of 850 g kg
Introduction
Roughage is traditionally included in beef cattle finishing diets to maintain rumen health; however, in Brazil, the forage quantity has been reduced over the years in an attempt to improve feed efficiency and facilitate the feedlot management. Oliveira and Millen (2014) observed a decrease in the roughage part of the diet, from 288 g kg⁻ 1 of the diet dry matter (DM) in 2009 to 200 g kg⁻ 1 of the diet DM in finishing diets in 2014.
The benefits of including a concentrate source in finishing diets are elevation of the dietary net energy for gain, reduction of the cost per unit of metabolizable energy, and easiness of diet handling and management in commercial feedlots (Britton and Stock, 1987; Owens et al., 1998) . However, roughagefree diets can lead to higher ruminal lactate production, greater fluctuations in the rumen pH and in feed intake, and rumenitis (Nagaraja and Lechtenberg, 2007) . They may also render the rumen epithelium Roughage-free finishing diet based on whole corn grain and a mixture of additives for Nellore heifers Paula et al. 2 susceptible to injury, resulting in translocation of endotoxin and bacteria into the bloodstream (Kleen et al., 2003; Emmanuel et al., 2008) ; nonspecific immune responses (Werling et al., 1996; Ametaj et al., 2009) ; and infection and abscess formation in the liver and in the foot (Nagaraja and Lechtenberg, 2007) . Those problems are normally associated with suboptimal performance in growing cattle, which has a significant impact on the profitability of the feedlot system.
Some strategies have been employed to prevent digestive disorders, e.g., the use of metabolic modulators like choline, methionine, selenium, and zinc. Those are known by improving hepatic function (Batistel et al., 2016; Zhou et al., 2017) and supporting anti-inflammatory activity, modulating the immune response, and lowering oxidative stress in cattle (Prasad, 2008; Batistel et al., 2016; Zhou et al., 2017) .
Considering this scenario, we hypothesize that animals fed diets with additives can have some improvement in health and performance compared with the others. The present study was developed to evaluate the effect of a blend of additives (choline, methionine, selenium, and organic zinc) on performance, feed efficiency, rumen parameters, and carcass traits of Nellore heifers finished with roughage-free diet.
Material and Methods
All procedures involving animal care were conducted in accordance with the Institutional Animal Care and Use Committee Guidelines and approved under case no. 6558230218.
The feedlot study was conducted at an experimental station, located in Pirassununga, state of São Paulo, in southeastern Brazil (21°59'46" S, 47°25'36" W, and 625 m above sea level). The animals were kept in the feedlot for 86 d, the first 14 d of which were used for their adaptation to the feedlot facilities and diets. Thirty-six Nellore heifers of 24±3 months of age and 244±24 kg of initial live body weight were randomly allocated to 18 pens (two animals per pen) with ad libitum access to feed and water.
Heifers were fed a corn grain-based diet with no roughage source (Table 1) twice daily (08:00 and 16:00 h). The animals were distributed into two treatments: control -with no inclusion of additives; and additives -a mixture of choline, methionine, selenium, and organic zinc at 1,667, 4,000, 1, and 24.37 mg kg −1 diet DM, respectively. The diet was formulated to meet their requirements, allowing for an average daily gain (ADG) of 1.0 kg/d (NRC, 2001) . Dry matter intake (DMI) was measured daily by weighing feed and orts, and the amount offered was adjusted daily, allowing for a minimum of 5% and maximum of 10% of orts throughout the experiment. Ingredients were sampled weekly and pooled to determine their chemical composition. Heifers were weighed with no feed restriction upon arrival and every 21 d to measure performance and feed efficiency. Van Soest et al. (1991) .
Blood samples were collected at the beginning and at the end of the experimental period by puncture of the jugular vein or artery prior to the morning feeding. The samples (10 mL) were collected into 10-mL tubes (BD Vacutainer, São Paulo, SP, Brazil) without anticoagulant for the measurement of pH, partial pressure of carbon dioxide (pCO 2 ), excess bases, bicarbonate (HCO 3 -), and lactate concentration. Shortly after the collection, a few drops of blood were placed in an i-STAT EC8+ ® cartridge for reading the blood gas using a portable clinical analyzer (i-STAT ® Co. -Abbott Laboratories -USA).
Muscle and fat thickness were evaluated by ultrasonography (Hitachi Aloka SSD500, 178 mm, 3.5-MHz; Wallingford, CT, USA) at the beginning of the experiment and every 21 d. The following measurements were taken: longissimus muscle area (LMA); fat thickness, obtained between the 12th and 13th ribs, across the longissimus; and fat thickness over the rump, measured at the intersection of the gluteus medius muscle and the biceps femoris, located between the ileum and ischium. Images were interpreted using the Lince 1.2 program (M&S Consultoria Agropecuaria Ltda, Pirassununga, SP, Brazil).
Heifers were slaughtered after an 18-h fast at a commercial plant located in Piracicaba, SP, Brazil, according to normal commercial practices. Hot carcass weight was recorded at slaughter, and dressing percentage was calculated. In addition, the rumen was examined to determine the incidence of rumenitis, papillae number, and absorption area.
For rumenitis index analyses, the ruminal papillae were visually classified by a trained person according to incidence of lesions on a scale of 0 to 10, in which each point represents 10% of the rumen compromised, according to methodology described by Bigham and McManus (1975) . The following are considered lesions: ruminal epithelial defects, parakeratosis papillae, and inflammation or other alteration in the epithelial papillae color. Rumenitis incidence was considered at any score above zero.
For morphological analyses of the rumen wall, including papillae number, area, and absorption area, a 3-cm2 sample of the mucosa from the cranial region of the ventral sac was obtained and stored with alcohol 70%. Average papillae number (number/cm²) was counted by three independent evaluators and the final count was considered the average papillae number between those three evaluators. The papillae representative participation on absorption superficies (PA, %) and papillae mean absorption area (cm²) were measured through digitalized images (UTHSCSA Image Tool, free software) as previously described by Resende Junior et al. (2006) . Papillae mean area was measured in twelve randomized papillae removed from the ruminal epithelium.
All statistical analyses were performed using Statistical Analysis System, version 9.1.2 for Windows. Firstly, the normality of residuals and the homogeneity of variances were verified using the UNIVARIATE procedure. Then, the data were analyzed according to the following model:
in which Yi = dependent variable, μ = general mean, Ai = effect of additive inclusion on DM diet, and ei = error. Data were analyzed as a completely randomized design using the MIXED procedures. The model included the fixed effect of treatments (control and additive). Pens were considered the experimental units for performance, intake, and feed efficiency, but animals were considered the experimental units for ultrasonography, carcass traits, and rumen parameters. The carcass traits measured by ultrasonography were analyzed as repeated measurements over time using the Mixed procedure of SAS. Rumenitis incidence data were considered nonparametric and were evaluated by the Kruskal-Wallis test using the PROC NPAR1WAY procedure. For all comparisons, significance was declared at P≤0.05.
Results
Initial BW was similar between the treatments, demonstrating homogeneity at the initial allocation ( Table 2 ). Heifers that received additives had no improvements (P>0.05) in DMI, performance, or feed efficiency. Consequently, there was no effect of additives on hot carcass weight (HCW) and dressing percentage (P>0.05) or performance data (Table 2 ). There were no changes in LMA (P>0.05) or rump fat thickness (P>0.05) measured by ultrasonography between the treatments; however, backfat thickness was 6.6% higher (P<0.05) for heifers in control compared with those receiving the additive treatment (Table 2) .
Overall, additive inclusion did not alter blood parameters (P>0.05) or blood electrolyte balance (P>0.05; Table 3 ), which can be supported by lack of differences in blood concentrations of PCO 2 and HCO 3 . There was no effect (P>0.05) of additives on rumen traits, papillae number, or absorption area (Table 4) . DMI -dry matter intake; ADG -average daily gain; G:F -gain:feed ratio; HCW -hot carcass weight; LMA -longissimus muscle area; BF -backfat thickness; Rump -rump fat thickness; DM -dry matter; SEM -standard error of the mean. 1 Control with no additive on diet; additive with inclusion of a mix of choline, methionine, selenium, and organic zinc supplementation at 1,667, 4,000, 1, and 24.37 mg kg −1 of DM diet, respectively. 
Discussion
An obvious response observed in feedlot cattle fed roughage-free diets with subacute ruminal acidosis and other metabolic problems is reduced feed intake (Owens et al., 1998) . In this study, DMI was lower compared with values reported in other studies with roughage inclusion (Turgeon et al., 2010; Contadini et al., 2017) . A higher DMI for roughage-containing diets could also be the result of increased saliva flow and ruminal motility (Nagaraja and Lechtenberg, 2007) . However, in the present study, no differences were found between the treatments for DMI, which may suggest that heifers must have adapted to the roughage-free diets, mainly because they were fed whole corn grain. As reported by Owens and Soderlund (2006) , the unprocessed corn grain has a slower rate and lower extent of ruminal starch digestion when compared with steam-flaked and high-moisture corn. Therefore, whole corn should help to prevent digestive disorders by regulating ruminal starch fermentation and reducing accumulation of organic acids in the rumen. In this sense, the mixture of additives would not be able to improve intake.
No growth responses (ADG, LMA, and HCW) were detected in the finishing beef heifers when metabolic modulators were added to diets containing 850 g kg −1 corn (DM basis). The absence of responses in these finishing trials may be explained firstly by the lack of changes in DMI and, secondly, because the basal diet can provide the micro ingredients for increased development of cattle. Titgemeyer and Merchen, 1990 studied amino acid (AA) requirements of finishing beef steers using N retention as the response criterion and reported that absorbable sulfur-containing AA requirement was 14.7 g/day. The authors suggested that this amount would be supplied by diets containing corn as the primary energy source, and no benefits would be obtained with any additional supplementation of AA, indicating that the basal diets in the present study were able to meet the AA, vitamin, and trace mineral requirements of heifers for growth. Similar results were found by Genther and Hansen (2014) , who reported no effects on DMI, performance, and gain:fat ratio for Angus crossbred steers fed diet supplemented with Cu, Mn, Se, and Zn at 13.8, 43.9, 0.1, and 56.1 mg kg −1 of the diet DM, respectively. However, when the authors evaluated steer performance associated with transport, they reported that the animals which did not receive a mixture of trace minerals tended to lose more weight per day than those which received supplementation. They also reported that the higher Cu and Se status provided protection against stress-induced weight loss during transport (Genther and Hansen, 2014) .
More recently, Genther-Schroeder et al. (2016) worked with Angus crossbred steers in the finishing phase fed 88 mg kg −1 (diet DM) of a Zn amino-acid complex and reported no effects on DMI, ADG, gain:fat ratio, or carcass traits. Zhou et al. (2017) , on the other hand, reported greater DMI and milk yield in peripartum dairy cows fed diet supplemented with methionine (at 0.08 g kg −1 of DM), but no effect for choline (at 60 g day ) supplementation. The authors explained that methionine supplementation improved liver function and reduced metabolic disorders, ultimately improving cow health and production levels. APN -average papillae number per cm 2 of epithelium ruminal; PA -representative participation of the papillae on absorption superficies (%); PMA -papillae mean absorption area (cm 2 ); SEM -standard error of the mean; DM -dry matter. 1 Control with no additive on diet; additive with inclusion of a mix of choline, methionine, selenium, and organic zinc supplementation at 1,667, 4,000, 1, and 24.37 mg kg −1 of DM diet, respectively. 2 Following the methodology described by Bigham and McManus (1975) . 3 Following the methodology described by Resende Junior et al. (2006) and measured by images on UTHSCSA Image Tool, free software.
Real-time ultrasonography is a tool used to predict carcass composition and is an important measure to monitor animal growth and predict the point of slaughter. In the present study, LMA and rump fat thickness did not differ between the treatments, which may be because no changes were found in performance and HCW. However, the lower fat thickness in heifers fed additives may be due to a numerical decrease in DMI in that group. Despite the lack of changes in DMI, heifers fed additives consumed 0.5 kg less DM per day than control heifers, and it is well known that greater adipose tissue deposition depends on the energy intake.
Furthermore, the values were within the standards observed in studies using high-grain diets for finishing beef cattle (Bohrer et al., 2014; Cônsolo et al., 2014 Cônsolo et al., , 2015 Genther-Schroeder et al., 2016; Contadini et al., 2017) . It is worth noting that the results for rump fat were higher than those for fat thickness, since the deposition of adipose tissue begins from the end towards the middle of the carcass. Similarly, Bohrer et al. (2014) reported no changes in feedlot performance, LMA, or fat thickness with additional supplementation of Zn and Cr at levels above the NRC requirements when animals fed ractopamine. Additionally, Hussein and Berger (1995) offered rumen-protected lysine and methionine to Holstein steers during the growing and finishing phases and reported no effects on HCW, dressing percentage, LMA, or fat thickness. These authors suggested that AA requirements for maximum ADG and HCW by the steers were met from the basal dietary ingredients.
Knowledge of the blood electrolyte balance and its physiology and regulation is relevant, because the animal health depends directly on the normal composition of fluid in body compartments (Freitas et al., 2010) . The blood parameters analyzed in this study are known to provide evidence that indicates subacute and metabolic acidosis, but although the heifers were fed a roughage-free diet, their blood parameters did not indicate incidence of metabolic disorders and did not differ between the treatments. In both treatments, blood pH was above 7.35 (7.38 and 7.37 for control and additive treatments, respectively), which, according Owens et al. (1998) , is the limit value for the clinical diagnosis of acidosis. Lower concentrations of blood lactate were observed in the present study, regardless of the treatment, compared with those published by Brown et al. (1993) , who studied crossed steers with metabolic acidosis. In addition, all blood parameters in both treatments were within the accepted normal range (Kaneko et al., 2008) . As previously described, this may be due to the use of whole corn and the period the animals were allowed to adapt to the roughage-free diet, which led to the maintenance of the health of heifers. Additionally, they did not show any blood parameters indicative of disorders, and the treatments did not lead to changes in blood parameters.
Papillae number, representative participation of the papillae on absorption superficies, and papillae mean absorption area are important parameters to increase the absorptive capacity of short-chain fatty acids without excessive accumulation thereof in the rumen, thus reducing the incidence and severity of ruminal acidosis (Melo et al., 2013) . Because the diet had no roughage inclusion, it may lead to higher lactate production, rumen pH decline, inflammation or degenerative processes of the ruminal mucosa, rumenitis, and damage to papillae number and absorptive area. Nevertheless, those variables were not compromised by the tested diets, and the additives also did not affect rumen parameters.
Conclusions
Nellore heifers finished with roughage-free diets have no improvement in production traits nor in their rumen health by supplementation with a blend of choline, methionine, selenium, and organic zinc.
